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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a refraction type light 
receiving element having an extremely flat slope incident end 
face even against a light beam of a very small size, in a 
refraction type light receiving element as well as its 
manufacturing method. 

SOLUTION: In a semiconductor light receiving element having 
light receiving portions on a substrate 15 comprising a first 
semiconductor layer 14 having a first conductive type, a second 
s miconductive layer 12 having a second conductive type, and a 
light receiving portion comprising a light receiving layer 13 
placed between the first semiconductor layer 14 and the 
second semiconductor layer 12, the incident light is refracted at 
the light incident end face 1 1 by providing a light incident end 
face 1 1 sloped to the inner side as the distance from the 
surface side increases from a place separated by infinite length 
for light receiving portion comprising the light receiving layer 13 
at the end face of the substrate 15 or the growth layer at the 
substrate side except the light receiving layer 13, thereby 
passing the light receiving layer 13 diagonally relative to the 
lay r thickness direction. 
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m 2 com-m^i- sft 2 w¥#ftra&tmieft 1 ^¥ 

gffcil k ft 2 <o#i£te« (cfifc 4 *tfc3tg3feJI k *» * * 

nmm 2 ] xaxiift 1 (ommmz^-t&m 1 o¥ 
9fM t m t < ft 1 ^w-r-sft 2 cTj^^es 
x/mam 1 «wm t ft 2 o*iHWOTfc«*iufc#g 

Xti*l2#»^co--a^£*//ttR 1 <OiNWWi<0± 
fc 6 rt WaMh6*^«K^t»fc J: TgMKWfcift 2 

f fS*«3 ] JUtXfift 1 ?>3Sm^£3rf &ft 1 <D¥ 
?§ttJl k N t- < ft 1 fcWt&ft 2 <D¥s£tfcJI A 

i/MiBft i (7^mwmtm2 co*mftmizM&ixte%& 
tt h-^x\ mmm<r>m 1 <o*wfWio5±fc & Afloat* 

Ta«Rwt=as2oiWtt#fcR!*u set:. luie^^Tts 

3 \z Lfci k *W«k^**^«K«^««3t*-ft. 

[»**4 ] ft i wwwt^rti^iWMiiteJb-j 
*-«b*:*>hhc» Hijie^satflkMie^a * h#-« 
Ayr/w ho*vviimMMi?t^teLfcjtJi«ft*WK 



■JJWfcJIfi. In 1 - X -yGa,Al J ,As ( OSxS 1 , OSy 

[«*fl(6 ) Me^ a -y h^-yN'UT^W hOUft^ 
Sgft/lJi. ln 1 . x . ! Ga,Al,As (O^xSl, OSy 
^1 ) k-?"<50±c7)?iV»In 1 . u Ga u As 1 - v P v (OSuS 

i, o^v^i ) x^tc&ztzmLt^&mimim 
mim 7 ] mm%ftm t m& a -y h ^-^ y r 

/N-f heOaV^^«c*k^lS{c, KTIS^t^TtS k IrI — CO 

[000 1] 
[0002] 

[«**>»«] flaw)«i«!!*a«*sS3iatT-«. 02 

5?3M*««I^T»«$iiTV^*»XJi. 02 <b> fc 

0 izft%xm<7)mr com* o^m^mLxm 
mtm± h wmztsi^x v ^ . 02 u> 21 

ati*AI«®, 2 2a{ip-InP8. 2 3a(iInG 
aAs3tS*1. 24 aiin- InP^. 25ai±n- In 
PSt, 2 6alip^fl§. 2 7alintit&S. 4 

02 ( b ) 2 1 b!i3feAlt«®. 22bl± P - 
InPfll, 2 3b{iInGaAs^5t«, 24b(in-I 
nP«, 25bfin- InPS«, 26b(ipm«i, 27 
b{in«fiST*l... 

[0003] zcr>£ o tc&ftm+ntsmj.mzii^x . 

■9-3tA»fflffi2 1 a^««K, toHftifm 
6ft$:%.m2 3 a **t»x y f >m 7f >^13£ 
fcft^l 2 3a §x •/ f-y ^-Cli N -^o-=¥ 

•v -y « aesMyi 23ai±i V f^ vm&timnm 

ivr-y^-y^coPgtffc. HX yf-y^© 

[0004] AM»^^7 M^>f X&jz% v*d£i±. 



1 



Jtfgfc»6fc*>tW;, 7J»ffiWi?&*re9«*iEI!lt 

sat l „ %%mmm>Mz% 4 £ 3 1 l^wh** h 

t\ ASttteS**MR{R!l^T#4k, Zti&ttL3tXX 

v > . gftwmtfm* LH*E»ttt&& < #f w-* k v> 3 h 

[0005] 

SJlHefeJtfPtia l >T . */MM X«*tf-AC« LT 

£ k tcft 4 . 

[0006] 

#8*>S*#E 1 tffi * #**S3t3mi , JB 1 co#B^ 

*mi*mmsmis& i » t ss 2 ^^mumi t* 

*¥»f**#*Ft*JVvc % tWE365S*«tHf<»««!l 

4 tft V trtMtflft Lfc*A«Wiffl* R*t4 £ k t <t 
8: A»#tfJi*frl*lt*f Ll^tolzJiJg-r 4 Jt a tit; 

k£#sstk-ri>. 

[0 0073 JJBBW*3S*-r**»HH«IW»9l2fc« 

*ir*-4* 1 co*tmmk m t < m 1 «o*M»**-r* 

1* 2 cO^ffcJRAtfmSJB 1 <0*J»*« k HI 2 co¥£# 
««£*l£±tift»tS-:rc\ Mima* 

i <^mkm<n±fc&fiMmw^wnw$sc£* ->x 

aHR»t»2tf>»«#t«»U Sit, Birifi3tS*/i£ 
1$ < « «IBI^®Xfil?ffeS«?^Ht (i , 3tS3te€<t 

AM**WS#fll t*t U«*t31J*r* «t "3 

tutiktwak**. 

[0008] ±m%mtmtf&*mi<rym&3 ta 

&*T*-*S 1 «D*NMWik Rt<»l ^OTEJS^Tti 
IB 2 <9*ftlWfc« AtfWffilB 1 k * 2 co^mtb 

«t« t tvk%&%M kfrhtzh k *» & * « 

1 «ifHW«|tf5±fc 4 rt«»*HM * >£A& k * <0f£ 
OT-Wl^i^TjMftWtSS2<?}*©gttegtU 51 
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fflfctt. **OTJ:9£*3^#t»LT#IR<^S 
8t*i*:ffi*>£ N «Blll*»S>rai* t*evM*Hfc«W L-fc 
3K7J«8iaS:»*t*iktJ:"9. f£ftA»«ffiTASf# 

*W>tiiiir*- 4 i 3 1 Ltd £ k k-f 4 . 
[0009] ±fEgft£gj£^4#&BJi<7>lf ^Jg4 K« 
*l<«»«»4r^rt44^HWi± 

a >y h*-**k<Olfflt» fHE^S3fe«kBii!5^3 -y 1- 
^—WMtorScDisa yh*— ili HiSV^n 7 h 
df— t»aSr Huiav a -y V^E— «ttt*tLT*i-ti/a -y 

*a^^(ft<as««ift*«xttt»aaafi«<o«ift<4, 

*>A>, «®88*>feSlixl»t«V^|*HB!lt«^ L^3t7Jt«a 

-e-x . «re3tS3M* tit 
[ooio] ±Mmto*mjm-?>*mi<?>n#m5 1« 

•&¥^*S^^{4, i«*«4t*JV^T, mie^3 -y h 
^N'UT^W hc7)«V^#{*:®(±. In 1 . x . Y Ga,Al jr 
As(OSxsSl, OSyg 1 ) <J: »9^4 £ k Sr^Hitk 

UT/N-f h<50©V^^**ii, Im-x-rGa.AlyAs 
(OSxSl, OSy SI ) t-e<7D±cOffV> Ini_ u Ga u 
As,_ v P v (OSuSl, OSvSl) iO^rS^kS: 
?$mk^4 . 

[ooii] iieaw^^fiK-rs^^it^? t« 

IB^g3t«kH!ilB^3 y hJr-yN-'JT^N^ h«0«V^ 
«£JBkcoioJt, mrfB*S3t^k IrI— iOffi^A^tulB^ 3 

ifttt tSM W6«*43E tm®Jfc 

JiSr^HS6LJt£k*»«k-r*. 

[0012] c^fflD #»bj?{±. -ssafia^^^ri^ 

«sS3fe^t*3V>-C, HI t^-T J: a t5fcS3fcJf £Bfc< 

Ji^t^LTWRR^ftSlWtfc)** 1 ^. *BB0*6»4»«I 
ixi. tfl6V^rt«t«W U^7tAlt«B5rlS«t 4 £ k t«t 

mtxmmx'AMiitzmvizitT . yt%%m*A 
zmtfmw.nwzft L^tffli&-r-s i a t l . 

[0 0 13] ££T\ 7tAS+ffi®ti^3tii^r*< S« 
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ftmmmfmizx. - v ^>y^mmnmz^.\ 

-v -v y°coft%ftm £x y Z k **5r < & 0 . x 

iitftLT^ivvtJt), asux-yf-y^pg^C ^ 
— =SriT-f Hx.y f - >^ 'ami K 0 "f 4 =5r h'tox ? 3- 

[0 0 14] ^OjsfeHL ^Myr^^\y>Xim\^X 

# 4 «t a fc:* "3 . «^<0«** : FjWHfpsrffi 1 4r 4 . 

4.Ii:£Si*U (MoT. ftSrl^X^Ti&oTA&i-f 
4%£. m^CtfOh--A-9->fXi:|p|^T-m j Fg3fcg|!^S: 
SMvifcT-*, JH*aU6«*«rtEi: . tti. Att#fl[ 

«ra<aw=ift}rc& ^mtmmmwni.t.z 

/vf X'J >y K*«-f 7l/= J fy/;Kc«)iBt # 

4. 

[00 15] 

[ mmmMcomm 3 t smh i 3 1 

«tHlfc*t. Hltefcwc. ll«3tAStSSHs 1 
2til A(mJf p- InPjf N 13J21. OjumJSlnGa 
As*»l£Ji» HlilAimlln-hPI, 1 5IJ*ffi 
mO.InPMU. 1 6tipmtB, l 7<inmffiT'J>4. 
^0*^*if ffiWJi 10//mX20>u mT'$>4. & 
fc. *5dtWTli. 3fcAWffiB 1 Ki. (OOl)RI 

^fcffvv (ill) Affi«*T'4£<t£*"JfflLTflML 

[00 16] uO^f. j£^tl-yfy/li, lnPCDfr 
£9«4n- InP«l 4fc¥tt*einPfflRl 5Kff 

tiK *ff*"5A<»J«T**. ft£ft«13£l|- 
t*3fc»fl*' li 8 ;u mWi fcJJr fcx y ^- > Xfflv * * 
£JB#U 3 0 mggWSV^tx ^ f >/?;iL 

4#. tf>f Y^'v1->7UMzm~thZk 

ft*-4»?*«K * 4 . 
[00 17] *>^/U ^^{iflfico^x-y bX-yf-y 



fijffl L^«&»jffli i.t #jr ur *>av*. v^-rn^s^ 

*t LT t , x •/ f - ^*f*jb«%-ffljS*) 1 n PRWC 
*4fc*>, x.v+>?tst>tf&£.Uz<<. &%K)&< 
¥ffl$r3tAW«iH 1 1 im&LT& 4. I«i 3 fc«*>T 

Tia^AitSMi i*q»«-c*sfc«>, atAawBBi 
i izShmmzmwLthz t *) , r 4 ATt 

ffiiBi iTb"-A*>«igL$ix4c:t^<m^'t4^<g3ie 
at»fc:JS»f 3K*Q»A £ ft. EflillPii; <-f 7X1 . 5 VTS 

[ 0 0 1 8 ] £ c7) i 3 JSr/M^-f X<7)S^ffi«T'S 
3^T^ 4/cii6. 3 dB«4 OGH z <7)a^»fl2#<iTtl 

$-Ji^£t=5r<«ja : 5:fiiSti^Cl i 4fcJ6, 
3t^&S8TS>4PLC (Planer Lightwave Circuit) ± 

ji-l4^5r^Mb^-^4 £ fc'5r< 7 P=¥^7VW=*tJ£T ^ 

[0019] *SI)WEWr'{i. 3HK«K:n - I nP®5-ffl 
V>^^JTS)4^\ P- InPJI^fflV«Ti)±ia<^pi:n 
^feUIWM«tNtr*9, n-InP^ 

iti) S AGM (Separate-absorption-graded-multiplic 
ation) fiat^S AM-SL (Separate absorption and 
multiplication superlattice) ffik J &$L<DMW?-ffi& 

tz. I nGaAsP/ I nPStW-^ I nGaAl As/ I nGa 
AsP-^Al GaAs/GaAs^^riftfOTO^^Srrtft-f 

[0020] CUSfiW 2 3 afcfWiOMS 2 WlUIPJtrH 3 
t^-T. 03^^. 3 Ki3teAW«ffi, 3 2{il/x 
mlflnPJl. 3 2 2{iZnfi2^(C < J; OffML^P - In 
Pffl. 33«1. O^mWInGaAs^jiyf. 3414 
Umfn-InPl, 3 5«*ft»ttInPaflE, .3 6 
p WBk. 3 7 ti: n tiTi 4 . &f-ff)%&y(mffiffli 
1 0/imX 2 0/jtmT<fe4. =3rfc. ^HtfifflTti, *A 
StS^ffl3 1ii, (0 0 1 ) $m<r>*7T.^t:7'vJ»*-$> J 
-;W^fflV^r^x-y h-X-yf->^H?V^ ( 1 1 1 ) A 
H*<-C'4 £ t *mm LXBJ&. Itc . 

[0 0 2 1 ] i3M^X-y^>-^{±. InPO* 

J:0fi£4n- InP«34t I nP*K3 5 izfthtlhtz 
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BMHls 1M Kx-yf-y^^c^SifciiSK, ft 
fc*W=JBBLfcl«MrtM Hx»fy/^», x-yf-^^ 

[00 22] *>*>-*>/l. j£^-9-{ifffi(7)^x<y hx>yf->- 
^&^K54x-y^>- : ^££JHVvc^j£LT*>I^U 
ffi«^ftlB£fiJffiUS*K x.yf-y^-7X^<7)^*1i?: 

»Ut. x-y f->^W^* { ^-$I«<7) I tlPM^V 

■¥ffl&#AJWSlH 3 1 £ & . 

[00 23] iiOJ: o tCffi^TTffl^A^ffi 3 1 *< 
MtHftS), 3fcAS**B3 1 t*IS:StffliSr^fR-r-g> 
£ fc tc J: 0 , ^7 r >f b*-AgfcBt-?jfc»:R 1 . 
3 jum<?)^t3^T 3feA8fffl®3 1 Tb*-A**ijfl§L 

*U qQtif<<f TX 1 . 5VCR3teJSKO. 8A/WfcJL 

fcivc UOp A^g<7)+^-/h$;5rfi6*q#feix«t„ * 

3dB«40GHz ^illW*^! §T& ^> £ . 
[00 24] i«i^te.-5E3l^**XIWBS3 1i: 

£»£teRfFC* & - i: SrS* U ^T, ftkXsVX 

rnxm-iXAtt-t ^<7)\:-j»^ xtmmt 

»#**KTA* P LC _L£y vf yi) -y HSHM"*** 

[00 25] JfcHJtWCli* mBMV>tt&&#<7)*m 

*3tttW«±. 36«llfcn - InP«*ffl^fcWC&& 

mzmfm&Tfr *} . n-InP^p-InPS^ 

gft/I3 3 i: LT%- *B^^<;k^SrfflV»TV^j^, T 
rtjyisx?* h^^-b*tfflV->fettSSAGM (Se 
parate-absorpti on-gradedr-mul ti pi i cation ) fHis^ S 
AM— SL (Separate absorption and multiplication 
superlattice) mm^m^m&Tm&C&mfafami: 



fflV^rtAV^htil-a^ft^V^ InGaAs 
P/ I nP^l^htfO I nGaAl As/ I nGaAsP^Al Ga 

As/GaAs»5rifotm*^3&l*rtrr* i d=6r*ffi 
[0026] Clltt«3 3*«H^*3«>»lliWSrH4 

t^-i. H4(c^-r. 4nmxmmm. 4 2i±o. 

2;umJS7> K— rXlin-- InAlAsJf, 43(iln 
Al As^p^ I nGaAsiX-m^^ib^MZ^it^fz 
0. l^mHTy^-rXlin-- In^x-vGa.AlyAs 
(OSx^l, 0SySl)Ji, 4 4iil;umJS7 , >'K 
-7"Xt±n-- InGaAs3K^te> 4 5«2 1 mJf n - 
InPJi, 4 6l*N i teiSttInPa6*. 4 7liPt/Ti/ 
Au^a-yh^f- m®. 48ti^— Sv^nlgTli 
5 . S^3fc^3KS®«(i 1 0 m m X 2 0 u mXh £ . 
KXZmmA 1 W*«OEJfffcJ: 9*®l£«4 4 fc*f 

[0027] ttl. is a -y hdf- ^©4 JifiimLitX 

£ fcHWifWte 2 ffifi: & 0 , 1 ju tnX\ 3fcAW 

4gM4 1 K*|RWJR*»*^4 Z t fc «t 0 . tfc* 1 • 3 
A mOTttfcUT EPJDi£v%M 7X1. 5 VT'^tH'SJS 
0. 9A/Wia±.W*S'Sr«a6 < »^*Lfc. =Sr*5. 
m-Cii. *A«*ffi4 Hi. (001) *ffiC0'7x-'Ni' 
y'u£.X7 S—/UZm^XVx v hX-yf-y^Sr^TW 

(in) Affl^T-s z t &mm Lx&m tti. 

[0028] JS^-9-Xy^y^(i, InPO^ 

JlWI-n- InP/14 5 b I nPS^4 6 ('tffaft-Sfc 
^-^ 3 FiB14c0^v4Sf^AStSffi4 1*5, 

A»fe<i8/< mJiii^Bf l^x -y fy/M7X ^ U . 
SOjumSScOgBV^^HfX-yf-y^SSLTtJO. <I 

0 "C . ^S3feJ14 4 #ffl*f«(CX -y f>-7^UttS|V ''^l 

[0 02 9] tW^a/iMliB^^xvhXvty 

MLTt>.x.yf-> 7ftmt*i-mL<r> I n P Jf <o*T- 
ft&3ity>, x>yf->-^tf^A«Ltc<<. #@9J5K 

^ii^3teAStseffi4 1 j&ggjjt-c*-*. ;ol3t«>T 

1 tcMEOtltftJEMM- 2. £ k l^i 0 . r 4 ^t't' 
-Af»R-5fc«*l. 3/<mco^fc^Tt>. 3tAM 
ffl4 1t b'-A *<iiSL^ Z t & < < 
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tfcutt 1 nA£**H-$MNS$tfl* t »S>*ifc. 
[0030] 4fc . I«J:o &/]v*M X<0583tffi«f"C« 
& £ft , 3dBWW30GHz <7>i« ill&flWfig 
Tfc-jfc. HO* S*SP^^3feAW«M4 1 iff 

Tii$oTASff£*§£\ Jfoft«tr-AlMXi:PI*4V 

Srii^f"^ t =5: < «ai*Ha« tRST* £> fcft , 53S» 
«SW*»T*>4 PLCi^WT'y >y FmWt&B^ ft 

[0031] ^HJtflajTfi. I nAlAs*>£ I nGaAsi 

vI<DJI4 3 k LTti 1 Jil2UiO#Jl¥»*W«± 

ifc N B4 4 k*4 SftlSICk I nGaAs*^ I nP 
* TlUftSrJfcfcS tffc I nj . u Ga„ A Sl _ V .P V ( 0 S u S 

mv vc wtpsfco&ft &*&&ttt a-? x t 

[0 032] 4fc. ¥3«fc£3fe5£?k LT«, SSl^tt 

JI4 »5 Jft$#3Bte*4 4 k x 3 -y r-*-«*4 7 k<50S 
H?le^S3ttii4 4 k H?ie>-3 -y h^-«fi!4 7 kO 
I^D^s >y hdr-KSJ:'? tra^^s -y b^f-KS^BU 

KfiD&LTk 4V*„ i/8 7M-^'J7M K0 

»»¥JWMii LTI±, In 1 _ x _,Ga I Al y As ( OSx 
SI, Oiyg 1 ) £fflV>S£k #*r£!>. 
[0033] *SOtWTI4» fflKWfcn - I nP^Srffl 
VVfcWr-****. P- InPJf£ffitvtt>JbfE<73pk n 
*mz LX PmUcKfl^rKT-ft 9 . 4 fc . n - I n P ^ 

S A G M ( Separate-absorpt ion-graded-mul ti pi i catio 
n) ttii-^S AM— S L (Separate absorption and mul 
tipl icationsuperlattice ) Wfe^^fflftrf-WB^ 

m*mmim^xi>Bk^zkt±^otvi>%\\ 4^ 

InGaAsP/InPJftJ^hfO I nGaAl As/ I nGaAs 
P ^A 1 GaAs/Ga As^£^7)W£U5H>S£ ft&t& 

[0034] cmmm4 1 *w&mA <oms&mz® 5 



mJJTyK-rXtin-- InPif, 5 2«0. 
TVK-rXtin-- InAlAsJf . 5 3liInAlAs#> 
£> I nGaAs£T'j|fil&£&ft 0 . 1 M 

mlf-TyV-yXlZn-- Ini.j.yGa, Al y As ( OSx 
SI, 0Sy£l)/f. 5 4Jil ^m/ITV r-'-TXJi 
n"- InGaAsftgft/l, 55lil^mf n-InP 
m. 56li¥mmtl nP*^, 5 7ttPt/Ti/Aux 
3 <y r- *-tffi, 5 8 ti*- 5 v ? nnMX'hh . H^p 
cr>%&%MWm$ 1 0/imX2 0jiiniti)S. 
[0.035] *HJ6«T1i, ftUHfcffijlO I nPJl5 
9*ffl^TV^SftA, InAlAsHJt^ $kW&QCMm 

* { ^< . 4^s F^r- m«S5 7«LfcA 

1i%W5 1lzmmm$:BfiiL-r&Zklz£t). Mftl. 3 
wmlCfcVTEPJB^MWTXl . 5VT'g3fc®KO. 9 

(i. *AltiSM5 l(i, (001) $m<7>?7 
^^y^M^t^iv M 7 f (l 

1 1 ) AB^SikSrfflfflL-CWJfcUfc. 

[0036] aom. mtyx-yj-yru. inp^ 

J: OfiK-&n- InPS5 5k InP^«5 6t,Z?fhtl2>tl 
ft. *S^*^tt«Av^««BtAJWSaBB5 1 a*. *©4 
0 A < »*TS 4 . 4 tz , 5KS3t® 5 4 £#tf S31£^ 
*^»±8^mJiiiitfi)T(cx-yf-y^ffl-7^.^ 5;ML.> 
3 0yumg«CD^->ffi^-tX7^-y^'2rlifiL.Tt5 , 5. £ 

W^li, b'x- y f->-^gS^«-r4£k{i:^<. flf 
-3 T , 5 4 fr'fflSmtl y ^ 

tf^*^±-fl>£k t=SrV» 0 4fc. XtteM^t&i 

[0037] 3*^<1>-(iffi<7)^x y M7fV 

^"JS^K^^x-yf-y^ffiSrfflv^T^fiELT t>^v^L. 
fffecofe^B^*iJfflL7tO. x<y^->-i/-v^^«oa?*tt* 

W LT t % x>y ^^^M^*^-$M,« I n P <0*T 
h&tzth. x.y*y^tf&#q&feU::<<. #S'9ft< 
¥ifi^5tAS«M5 1 sSflftftT* *. 
[ 0 0 3 8 ] .£^4 3 tffiftt^ffl^irftAlt^ffi 5 1 
JgjfcV&ifcft. 3tAStiffiB5 1 teiSR«K*»JjW-ft 
£ k C 4 0 , r -f AT"b'- AgSrRo 1 . 
3 m mC03K^fcV^T t> . KAMffiffi 5 1 Tt'-A^StgL 

58*lSWCa3tr * i fcft , 3 d B«tfi 3 0 G H z Oft 



(7) 



WfflPF 11-195807 



[0039] 0 (C, S7feS5*^*AW*Sffi5 1 1 

tc&ftl^flrCfcftifcfcSiftU ftfcl^X 

3R#W*K"C*ft P LCifcvvf 7U y FIM***** 
[0040] ^HM^JT'ti. I nAl Asfrk I nGaAs4 

£ «D® 5 3 fc LTti 1 SJJLh<0^¥^fl^BS«J: 0 &ft 

V\ 4£, J154 tM5 5<r>ffllZi> InGaAs*>4> InP 
4Tlfij£&^£^fcIn 1 _ u Ga 11 As 1 _ v P v ( OSuS 

[ o o 4 1 1 lx\±. mi&rn 

ttfli: 1 5«-5^S*S5 4i: v- 3 -y 
Hfc . HMS3tJI 5 4 h buIS^ 3 -y h «fi 57k 
-y r-^-fftHi 0 t>*v^a «y r-*-PfM£ 

<?>BV*¥WttJBI: LTti, Inj-x-vGa.AlyAs (OS 
xSl . OSyS 1 ) Srffl^SCt^T^, SEC In 
j-s-yGa.AlyAs <0Sx£ 1 , 0 =S y S 1 ) t -f-«0± 
<^jEUIn 1 . a Ga u As 1 . v P (( (OSu.Sl, OSvS 

[0042] *mi&MX'te. IWJt n - I nPl?:! 
V^jT"fcS*V p - InP)fS:fflVvCk_Lfe<7)pfc n 
SrSBfc LT R8fciS#nJIgT'fc 9 , 4 - n - I n P^> 
p-InP»«*fflV^Tt>|EJ*k:«#BniST*4. 4 

S AGM (Separate-absorption-graded-nultiplicatio 
n) flfjg-^S AM— S L (Separate absorption and mul 
tiplicationsuperlattice) m^B<^B^F^<^ 

I nGaAsP/ I nPJ&JiWO I nGaAl As/ I nGaAs 
P^>A 1 Ga As/Ga As^ ifCOtt^^^ P^fctft 

[0043] CUSfePJ 5 } *?!Bjc7)» 5 cOHJ^JSr 0 6 



0. l^m/¥p-InGaAs3>-^i?>JB> 1. 3um 
/Pp-InP /I, 0. 2/imffp-InGaAsP a ( 1 . 1.5 urn 
i 0 &ft P W*ft«T\ 63141. 0 At m 
WInGaAs3fcg7fe«. 6 4(±±fflJJ; 0 2jum/?n-InGaAsP 
M (1. 1 5Atm«ft«) , 0. 2/im/flnPBJ;D 
fcftn»¥SWWi, 6 SUflMOWSInP 6 6lip 

6 7 ii nWSVhh . »^<9g:)fe*W«ti 14// 
mX 2 Ojumf 

[0044]i7ll Ml. 5 5um%\ l zn-Thlu 
m/pi nGaAsP® IRS £ is Jt ft P^SBJl^^^a!^ -fft 

^cfc. 3tA9«® 6 1 li. (001)* 

Hco^xyNS-yoA^^y— yPSrfflUT^x-y hx-yf- 

(111) Affi*«SBtC«U ? 54-4 
4 ' tftfurCHSfcSftft ^ t Srf Jffl LT^ L)t . 
[0045] £«Dl$s aLX-ifx«y ^-^{i:. InP co^J; 
O^ftlnP »K6 5fc:fT*><lftfc«>. i^-^iltt^J: 
^^jSBtAltSBH**. 0 i<Mtl ft . 

^t®^-&-tJ 1 S3ta5^* 1 ^«i 8 M mffiiXtzmiZJL -y^ 
^"fflVX 9 &&f& L . 3 0 At mgt^k ^it^ -y f- 
V^SrSfetTfcO. i£OB*s 3/xmg«<0-9->f Hx>yf- 
y^fc'^ft**. ■•)--< Fx-yf-^^^3 

«-t^.ihii^<.^^"C. ^*«*WW(cx -y f- 

X-yf-^tf^^^-rft^fct^V^ 43t, 
[0046] t•fe>ft^, ®^"f«fli!Wx. y M-7fV 

h 7 x y <}->rm&m\> ^xm®. tx t «t ^ 
fijffl LftmzmwLxBtft lx i>&\,\ v ^fLo^t 

htztb. x-y^>-^tf^A«L(c<<. #®'yi< J F 
ffl^?KAS«ffi 6 1 T* ft . 
[ 0 0 4 7 ] diOck 3 fcffi£>T W0r#;UI«ffii6 1 # 
»JST* ft fc*> - Afltilf t**R»IR?&»JiW ft-Itt-J; 
0 , 7r^ colli W3ttS: V tf-ixS£«-> 
Ml. 5 5^imOXiK7WX2Ws = 3. 4jum 

5 VTgft!S* 1 • 0 A/W<r>±% ttimt>1X 

[0048] 4?t» t'-ASrTkT (x) feivsa: 

(Y) *|6]^ASt{5«^fll»$^T. ^OD#^S3K®« 
<0A«tffiBflSSPtt*ai£Lfet>O3&«H8 ( a ) . ( b ) 
•Cft ft . 1 dBffiT^ft 3ttmUft*lB±*Y 

^•f&]13. 4mi«, Sittfr|6l3. 3^mt^lU. ^1<0 
Inx h^t^'EIiift >->r;^#^ ^Xflt^tc J; 

<0Hi:Af^0. 8—1. 0 A/W^t^^jgS-^ 
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Sfc*>, 3dB»«3 8GHz OJRMMWWC* 
[0049] *HHMTI±. WRfflltC n JimMMiSffl 
£j££tTI^«(cSg#^1?rC&9, *Jt. n-InP^p-ln 

p aw*#vvttHawci^mT*4. iTtr, 

rt^Vl/x. 7*Y?4*-Y tfflO 4>ilSSeparate-abs 
orption-graded-nultiplication ( SAGM) tttjjt^Sep 
arate absorption and multiplication superlattice 

(sam-sl) m&^mnmwm^ymwmm* 

JBtvtkiV^tJisd \, InGaAsP/In 

P Miil9\-?> I nGaAl As/I nGaAsP-^Al GaAs/GaAs ^^rt'fiOW 

ct e zmm&Ti, * ^z t i±n o * 

[ 0 0 5 0 ] C%ttM6 } 6 co£MM£H 1 

Ofcjjrf. 01 'o£*wc % 1 0 1 (i3KASW8ffi. 10 
2fcLUI.k , 5\ 0. l/zm/ftp-InGaAsny;?? hJl. 
1 . 3/xmJfp-InP JS, 0. 2^mffp-InGaAsP M 
(1.1 5nml«) =t D^Spf^ftlt, 1 
0 3(il. 0jum!fInGaAs3£S3tJf . 104{£2jumJi: 
n-lnP Jg, 1 0 5J±¥«*8ttInP 1 o 6{±pS 

156. 1 07ttnWST*4. *^S#Jiffi*H:14ju 
mX2 OjumT&S. 

[005UH11I4. ifcHl. 5 5^m^-^-ri»l 
M mJHnGaAs7t(R)Rgfc*Jtt I. P^gBi^-^cOii^ ^ 

( * ) mf l &cottma% : TZ> & . aix-wi < * > <oif a 

Srfc. *»tWPa, ftASfSffl 10 111 (001) 
SlnSc^xy \£ 7nA^ ? y -J\s*m V>T >?X7M -y 
f->?*£trV\ (111) AM#«WK»U 54'4 
4 ' <7)A%.TBf$.£ti& Z t *mm LTffML*. 
[00 52] ZCOm. MX-m-y^y?li. InP ffiKl 
0 5£-£tflnP 0*J: 9«$iS#K:fT;b*U>fc*>. 

iflFattwiv^wfBKAiwiii i o i a*, *e± o i < 

»5*»Httfcx -y f - ^jSJK* 5 ^ V > i t ^(CigH t fc» 
fltfrlM Hx 7 fy/^, x>y 

[00 5 3] i^A,, ^-9-tHfeco^x^hxyf-y 
ffi^*S B B BB5£ f TO LfcO, x»f-ym^ W«P»tt* 



ffi&ftAlf^M 1 0 1 

[ 0 0 5 4 ] £«D J: a fcttfcTTfifctfASWKH 1 0 1 

iffifsx* htz#>. xttmizmmmzmmthzki.z 

JtiS^l. 55^raW7ht'fX2Ws = 3. 4ju 

JSr<KatttJ:<S3Kaif#K:JB*f*^»A$*i., Bffloaf* 
•(7X5V -C-SjteSa 1 . 0 A/WOA£ £>ix 

[005 5] h"-A£y.MP (X) fcitfStt . 

(y) *idtA»fltii*»iii$*T, -emcos^s 

<OA»ffiBtt»tt*arfiL7ti<036«Hl2 (a) , 

mm?* *)%ttEH*.-}ur>mftifiX'%K. 

>-' A -/U9!afc/uif#0. 8—1. OA/W<7)©V>S3fe 
®KS:^Lfe. Hi SizmfFLti^ity.-frW 7X 
m£E5Vtcfc»tS^i»)(B^!|ftt«:5rt. ^-fXO* 
3iaBBfC«*-C*4Jt«)» 3dB««3 8GHz 

[0056] 3|£SatWTtt. li«Cn«*f*l^ffl 

^mizLxmmicmimmxho . ttz. n-inp ^p-in 

«, LT^-ffi^c^N'^^SrfflVTV^*^ 7* 

A'^yyi 7th ¥4 ^— FlCfflV-^ft&Separate-abs 
orption-graded-multi plication (SAGM) flljt-^'Sep 
arate absorption and multiplication superlattice 

(sam-sl) mm j ¥m(oim z f-^m<m-mwmm^ 

m^Xi>£\->ZbltW$£Ti>%\\ InGaAsP/In 
P ^fcW^InGaAlAs/InGaAsP^AlGaAs/GaAs J&eZVyft 

[0057] 

JSLhs WWCBPSLfci-aK. 7-o-^ 
-y ^^S^jWtW^HSWJ^i^NifWC* 

VZ-tC+M KX yf->-^e#!t O-TS^t'^X-y^y 

^ & j; 5 icfc o . &<7>%%m : ?tfwmi&k%& . 

ifcAs Syt^^JtAftfffiBii^Ufoiitc^-C 
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ffimfo'gb^m k % £ . * , k <»> vf 7" U 

[BfiiWBWfcSrRni!] 

[02] ta^«fc«&^ttg^^tf>»nS0T* 

a. 

[03] *»^O»2 0^Mlcffi4i| t SWIsS«3IW) 

[04] *fMB<0»3<0Safcffi|fcff4¥IWIs3Bt« ; FO 
ffirM0t'*S, 

[05] *«^o»4«SafcWtcffii*W*5Be* : 3^) 
[06 3 ^^cOWS^SBtMtffii^SWtset*^ 
'[07 3 «S 1. 5 5jum36K:«f4 1/iinWlnGaAs3K 

«MMt*j»t*i*i«* ; Hiw<oae^-wi (<?) imvtn 

[08] (a), (b) {±. .b'-A**T (X> 

'sb: (y) *i6»cA»{ass-»ift$-&Ts 

[09 ] WfaLtz^Jx.-w^ rx^ffs vfcfctt 

[010] 3|c^^*6<0*WMKffi4*«*5ee*F 

[01 na^l. 5 5/*m*C*W4 ljamflllnGaAs 
*»IW^tt4 (<9) f&#tt 

[012] (a), (b) tf, t*-A£r*¥ (X) Hi 
X/mm. (Y) *[6jfcASWiSSr^»^^T. *cOB#<og 

[01 3 3 itmLtti'i--)i<<n»u rxnsisvizn 

1 1 y&jtms 

12 p-InPJf 

1 3 I nGaAs^g^Jf 

14 n-InPS 

15 ^«g»KInPa« 
1 6 pW® 



1 7 n®i 

31 ftAmmm 

32 InPJB 
322 p-InPfl 

3 3 InGaAsftgftl 

34 n-InPH 

3 5 ¥ife»ttlnPS« 

3 6 pWI 

3 7 n«ffi 

4 1 ftAWffiH 

42 TVH-TXtin-- InAlAs* 

43 T>Y— yXitn-- Ini-,.»Ga, Al y AsS 
4 4 Ty H-rX« n- - I nGaAs3fc§3£« 
45 n-InPJI 

4 6 ^ttHSttlnPffiE 

4 7 Pt/Ti/Auj^a y h-=^— «^ 

4 8 5 -7 9 ntl 

5 1 ftAflt*IH . 

5 9 7V H-7'XiSn-- InPJf 

5 2 T> V—7°Xii n - I nAlAsJf 

53 TV-H-rXlin-- In^^xGa^AlyAsS 

5 4 TV H-TXii n - I nGaAs#S:*:Jl 

55 n-InPJf 

5 6 *m.m<ftinpmm 

5 7 Pt/Ti/Aui^g -y h^f-Sffi 

5 8 5 'y^nlffi 

6 1 3tAIt«ffl 

62 ±S«fc"3. 0. l^m/fp-InGaAsrjy^^ 

1. 3,um/Jp-InP /l, 0. 2;umffp-InGaAsP Jg 

(1.1 5 jumifcR»jft) J: P#¥«ttl 

6 3 1. Oz/mUlnGaAs^S^ft 

64 ±M& 0 2;um/In-InGaAsP Jf ( 1 . 1 5jtima 

SfflfiJtK 0. 2;umffInP iiiJiSnJMNHM 

6 5 ^Ne«ttInP'%« 

6 6 p®I 

6 7 n®I 

1 0 1 JfcASWHH 

102 -tmiO. 0. l/zm/fp-lnGaAsay^h 
/I N 1. 3 jum/?p-InP/I x 0. 2 ^ mJfp-InGaAsP M 
(1.1 5^m«Mt) «t ^SpJB^Sttl 
10 3 1 . 0;Um/fInGaAs3fcg3ftl 
1 04 2//mffn-InP Jg 
1 0 5 ¥*fof#t£lnP 
1 0 6 pti 
107 nil 
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[HI] [02] 
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[09] [012] 
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